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PROCESS FOR THE PREPARATION OF 1^HLORO-3,5-DI-0-ACYL-2-DEOXY- 
L-RIBOFURANOSIDE DERIVATIVES 
Field of invention 

The present invention concerns a process for the industrial preparation of 1- 
chloro-3,5-di-0-acyl-2-deoxy-L-ribofuranoside derivatives of general formula (I) 
hereinafter reported, useful as precursors for the preparation of nucleosides of the 
L series having antiviral activity- 
Prior art 

Nucleosides of the L series are products having a rising importance since they are 
always more used as antiviral agents for their high biological activity and lower 
toxicity compared to corresponding nucleosides of D series. 
Therefore, also the derivatives 1-chloro-3,5-di-0-acyl-2-deoxy-L-ribofuranosides, 
as precursors of said nucleosides of L series, are very important products. 
In literature, up today, methods have been described for the preparation of 1- 
chloro-3,5-di-0-acyl-2-deoxy-L-ribofuranoside derivatives, in particular 1-chloro- 
3,5-di-0-p-toluoyl-2-deoxy-L-ribofuranoside, starting from 2-deoxy-L-ribose, as can 
be seen in W. Zhang et al. Nucleosides and Nucleotides 1999, 18, 2357-2365. 
This method of synthesis consists in a first step of preparation of l-O-methyl-2- 
deoxy-L-ribofuranoside starting from 2-deoxy-L-ribose through treatment with a 
methanolic solution of hydrochloric acid for 1 hour at room temperature and 
subsequent neutralisation with pyridine; the obtained product is purified by 
chromatography on a column of silica gel. In the subsequent step the 1-O-methyl- 
3,5-di-0-p-toluoyl-2-deoxy-L-ribofuranoside is prepared by reacting l-O-methyl-2- 
deoxy-L-ribofuranoside with p-toluoyl chloride as acylating agent using pyridine 
both as solvent and as base; the product is purified by chromatography on a silica 
gel column. Finally, the last step of the process described by W. Zhang et al. sets 
forth the use of ether as reaction solvent in which the hydrochloric acid is bubbled. 
The product precipitates directly in the reaction environment. 
The method of synthesis described by W. Zhang et al. has therefore various 
disadvantages and it is not scalable. The main disadvantages of this method are 
the use of a noxious solvent as pyridine in high quantities; the use, in last step of 
the process, of ether that is a highly inflammable solvent; and the necessity to 
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purify the products obtained in the first two steps of the process by 
chromatography on silica gel. Finally, such process uses, as starting material the 
2-deoxy-L-ribose that is an expensive product and, in its turn, it is prepared with 
various known methods that are all disadvantageous and difficult to be industrially 
used as they require expensive reagents and/or dangerous products to be handled 
on a large scale. 

Therefore, in view of the foregoing, it is deeply felt the need to have available a 
process for the preparation of the above said ribofuranosidic derivatives that is 
scalable, economically advantageous and not have the disadvantages above 
mentioned for the known processes. 
SUMMARY OF THE INVENTION 

Now the Applicant has found a new process for the preparation in high yields of 1- 
chloro-S^-di-O-acyl^-deoxy-L-ribofuranosidic derivatives of formula (I) hereinafter 
reported, having high purity, avoiding the use of dangerous solvents and allowing 
the industrial scaling up of the process. 

Subject of the present invention is therefore a process for the preparation of 1- 
chloro-3,5-di-0-acyl-deoxy-L-ribofuranosidic derivatives of formula (I) 



wherein R is an acyl group R'CO, in which R* is selected from the group consisting 
of alkyl groups C1-C6 and aryl groups C7-C13, possibly substituted with one or 
more substituents; 

said process comprising the following steps: 

i) reaction of 2-deoxy-D-galactose of formula (II) with methanol in the presence of an 
acid as catalyst to obtain the l-O-methyl-2-deoxy-D-galactoftjranoside of formula 
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ii) oxidation of l-O-methyl-2-deoxy-D-galactofuranoside of formula (III) coming 
from step i) with sodium meta periodate to obtain the corresponding aldehyde of 
formula (IV): 

-O _^-o 
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(III) (IV) 
iii) reduction of the aldehyde of formula (IV) coming from step ii) with sodium 
borohydride to obtain the l-O-methyl-2-deoxy-L-ribofuranoside of formula (V): 
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(IV) (V) 
iv) acylation of O-methyl-2-deoxy-L-ribofuranose of formula (V) coming from step 
iii) with an acyl chloride of formula R'COCI, in presence of a tertiary amine base in 
an aprotic solvent to obtain the corresponding 1-0-methyl-3,5-di-0-acyl-2-deoxy- 
L-ribofuranoside having formula (VI): 

OH ^""">~*OCH3 fCoR ' >^OCH 3 





CH 2 OH CH 2 OR 

(V) (VI) 

in which R' and R are defined as above; 
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v) chlorinatlon of 1-0-methyl-3,5-di-0-acyl-2-deoxy-L-ribofuranoside of formula 
(VI) coming from step iv) with gaseous hydrochloric acid at a temperature lower 
than 20°C to obtain 1-chloro-3,5-di-0-acyl-2-deoxy-L-ribofuranoside of formula (I): 



(VI) (I) 
where R is defined as above. 

Features and advantages of the present invention will be described in details in 
the following description. 

DETAILED DESCRIPTION OF THE INVENTION 

According to the invention "alkyl groups C1-C6" are for example methyl, ethyl and 
propyl groups, whereas by the expression "aryl groups C7-C13" the benzoyl group 
is meant for example. 

The above mentioned groups may possibly have one or more substituents, chosen 
for example from amongst halogens, alkyl groups C1-C4, alkyloxy groups C1-C4 
and nitro groups. 

According to the present invention R' is preferably benzoyl, possibly substituted by 
a group chosen from between p-chloro and p-methyl. 

The process developed by the Applicant allows the preparation of 1-chloro-3,5-di- 
O-acyl-2-deoxy-L-ribofuranoside derivatives (I) by a simple method, economically 
advantageous and easy to be scaled up. Moreover, this process allows to avoid 
the use of 2-deoxy-L-ribose as starting material and to overcome the 
disadvantages above highlighted for the known methods. 

Step i) of the present process is preferably carried out with anhydrous methanol in 
amount ranging between 2 and 20 litres per kilogram of 2-deoxy-D-galactose; 
furfhefflnoFe, as acid catalyst the preferred product is an acid obtained by 
hydrolysis of an acyl chloride, such as acetyl chloride, added in catalytic amount, 
for example in amount ranging between 0.01 and 0.2 litres of acyl chloride per 
kilogram of 2-deoxy-D-galactose. 
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Step i) of the present process is preferably kept under control in order to keep the 
inner temperature of reaction below 3°C f thus limiting the formation of the 
pyranoside derivative at a percentage lower than 10% in moles. 
The oxidation with sodium metaperiodate in step ii) is carried out using from 1 to 
1.5 moles of oxidising agent compared to the compound of formula (III) to be 
oxidised; the strong exothermy produced following to the addition of Nal0 4 can be 
controlled, for example, either by an external cooling, or by introducing ice directly 
in the reaction mixture, so as to keep the inner temperature of reaction below 
10°C. In this way, any collateral reaction that can waste the product is avoided. 
The reaction in step iii) of the present process is preferably carried out in water 
with sodium borohydride in an amount ranging between 1/3 and 1 mole of 
reducing agent compared to the substrate of formula (IV) to be reduced, keeping 
the inner temperature of reaction below 15°C. At the end of reaction, before 
moving to the following step, salts are eliminated from the syrup obtained after 
concentration; the syrup is heated and suspended in acetone, thereafter the 
precipitated salts are filtrated or, alternatively, the salts can be eliminated with ion 
exchange resins according to known procedures. 

The acylation reaction in step iv) of the present process occurs in positions 3 and 
5 of l-O-methyl-2-deoxi-L-ribofuranoside of formula (V) by reaction with the 
suitable acyl chloride according to the desired product, having formula R'COCI in 
which R'CO is R. 

The preferred amount of acyl chloride ranges between 2 and 5 moles of acyl 
chloride compared to the substrate of formula (V) to be acylated. Such reaction is 
carried out in presence of a tertiary amine base, preferably triethylamine, using as 
reaction solvent an aprotic solvent such as acetone, acetonitrile, toluene, 
methylene chloride, tetraiiyuruiurarie, or dimethylformamide. Preferably the 
reaction solvent is toluene. 

According to a particular embodiment of ttie invention, the acylation reaction in 
step iv) is carried out at a temperature ranging between 0°C and the boiling 
temperature of the solvent used. 

The chlorination reaction of 1-methyl-3,5-di-0-acyl-2-deoxy-L-ribofuranoside (VI) is 
typically carried out by using as the solvent, a solvent from which the final product 



WO 2005/044832 



PCT/EP2004/052900 



6 

can be directly crystallised, selected for example from the group consisting of 
toluene, xylene, isopropyl ether, ethyl ether, chloro benzene and trichloroethane, 
preferably toluene. 

The gaseous hydrochloric acid in step v) of the present process is preferably 
insufflated directly into the reaction mixture in presence of acetyl chloride that 
consumes methanol, which is a by-product of reaction, turning it into methyl 
acetate. 

During bubbling of gaseous hydrochloric acid the temperature of reaction mixture 
has to be kept below 20°C, preferably below 15°C. 

The obtained solid has to be vacuum exsiccated at a temperature preferably not 
higher than 40°C in order to avoid its degradation. 

The present invention also provides with a process for the preparation of 1-chloro- 
3,5-di-0-acyl-2-deoxy-L-ribofuranoside derivatives of formula (I) starting from 1-0- 
methyl-2-deoxy-L-ribofuranoside of formula (V) prepared according to the 
procedures known in the prior art, in two steps iv*) and v 1 ) for which the 
considerations made above in relation to steps iv) and v) are respectively valid. 
The following examples are reported for illustrative and not limiting purpose of the 
invention. 
EXAMPLE 1 

Synthesis of 1-methvl-2-deoxv-D-galactofuranoside [Compound of formula (III)] 
100 mg (0.6 mol) of 2-deoxy-D-galactose are suspended in 600 ml of anhydrous 
methanol. The suspension is cooled down to the inner temperature of 0°C, 
thereafter 4.5 ml (0.06 mol) of acetyl chloride are added slowly in order to control 
exothermy and keep the inner temperature below 3°C. 1 hour after the end of the 
addition, a solution is obtained. The reaction mixture is then kept under stirring at 
the temperatu re of 0-2°C for a total of 2 hours and 30 minutes calculated from the 
end of addition of acetyl chloride. Then the reaction mixture is neutralised with 
14.3 ml (0.06 mol) of a 25% solution of sodium methoxide in methanol. Methanol 
is eliminated through concentration with Rotavapor®, thus obtaining 115 g of a 
syrup containing about 103 g (0.58 mol) of l-O-methyl-2-deoxy-D- 
galactofuranoside (yield = 97%). 
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13 C-NMR (DMSO, 300 MHz): 5 ppm 104,68 and 104,53 (C-13 and C-1ct); 86,36 
and 84,42 (C-4a and C-4B); 72.30, 71.28, 70.63, 70.45 (C-3 a and p and C-5a and 
3); 63.34 and 63.26 (C-63 and C-6a); 54.56 and 54.51 (OCH 3 a and 3); 41.59 and 
41.46(C-2aand B). 
EXAMPLE 2 

Synthesis of 1-methvl-2-deoxv-5-aldehvde-L-ribo-Dent adialdo-1 ,4-furanoside 
[Compound of formula (IV)] 

115 g of syrup of l-O-methyl-2-deoxy-D-galactofuranoside (0.58 mol) prepared as 
described above in Example 1, are dissolved in 100 ml of water. The solution is 
externally cooled with a brine bath so that the inner temperature is below 0°C, 
thereafter 330 g of ice and, under strong stirring, 129 g (0.6 mol) of Nal0 4 are 
added to the reaction mixture 

After about 5 minutes a strong exothermy occurs, that is controlled by adding 
further 100 g of ice to the reaction mixture. The inner temperature has to be kept 
below 10°C. 

After 30 minutes the reaction was checked by TLC. The salts are filtered out, and 
to the aqueous solution 4.5 g (0.03 mol) of calcium chloride dihydrate are added; 
the value of pH of the so obtained suspension is brought to 7-7.5 by adding about 
3.3 g (0.04 mol) of calcium hydroxide. 

The salts are vacuum filtered and washed with water. The aqueous phase is 
extracted with dichloromethane (130 ml). The aqueous solution is used directly in 
the following reaction. The yield of this reaction is considered as quantitative. 
EXAMPLE 3 

Synthesis of 1-methvl-2-deoxv-L-ribofuranoside [Compound of formula (V)] 
The aqueous solution of 1-0-methyl-2-deoxy-5-aldehydo-L-ribopentadialdo-1,4- 
furanoside, obtained in Example 2, I*- roofed to 0°C, thereafter a solution is 
dropped into, prepared dissolving 9.4 g (0.25 mol) of NaBH 4 in 100 ml of water 
basificated at 10 pH with NaOH 30%. 

During the addition, exothermy occurs, afterwards the addition is performed slowly 
so as to keep the inner temperature always below 15°C. At the end of the addition 
the reaction mixture is left under cool stirring for 30 minutes, thereafter a check is 
performed through TLC. The reaction mixture is neutralised by adding hydrochloric 
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acid at 32% until pH = 7. The solution is concentrated with a Rotavapor® till a 
syrup is obtained, afterwards the residue is dissolved with 120 ml of hot acetone. 
The suspension is warmed up to reflux and maintained at this temperature for 20 
minutes. 

In this way the dissolution of the syrup is achieved and the formation of a 
crystalline precipitate is obtained. The suspension is cooled down to 30°C and 
then the precipitated salts are filtered out. The filtrated solution is concentrated to 
syrup, the re-dissolved twice with 120 ml of methanol and twice with 120 ml of 
toluene (each solvent rate is removed under vacuum before adding the following 
rate). 

In this way the anhydrous syrup is obtained to be used directly in the subsequent 
reaction. 84 g of syrup are obtained containing 66.6 g (0.45 mol) of l-O-methyl-2- 
deoxy-L-ribofuranoside as resulted from HPLC analysis (yield = 77.5%). 
13 C-NMR (DMS, 300 MHz): 5 ppm 105.30 and 105.05 (C-1a and C-18); 87.11 and 
85.72 (C-4a and C-40); 71.57 and 70.91 (C-3a and C-3B); 63.75 and 62.05 (C-5a 
and C-5B); 55.11 and 55.03 (OCH 3 0 and a); 41.42 and 41.33 (C-2a and C-23). 
EXAMPLE 4 

Synthesis of 1-0-methvl-3.5-di-0-toluovl-2-deoxv-L-ribofuranoside [Compound of 
formula (VI) in which R is 4-methyl-benzoyl] 

84 g of syrup (0.45 mol of l-O-methyl-2-deoxy-L-ribofuranoside), prepared as 
described above in Example 3, are suspended in 470 ml of toluene and 205 ml 
(1 .47 mol) of triethylamine. The suspension is warmed up to 40°C under stirring, 
then 173 ml (1.3 mol) of toluoyl chloride are slowly dropped, and the temperature 
spontaneously raises to 60°C. After the addition, the suspension is kept under 
stirring at 60°C for 5 hours, and thereafter an HPLC check is performed to 
evaluate the absence of the peak corre s p ondin g to the mono-substituted product. 
With a positive analytical check, the mixture is cooled to room temperature and 60 
ml (0.54 mol) of N-methyl-piperazine are dropped into. 

1 liter of water is added, then NaOH 30% is added until pH = 9.0 and the phases 
are separated. To the toluenic phase 1 liter of fresh water is added and the 
solution is brought to pH = 1.0 by dripping an aqueous solution of HCI 30%. The 
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phases are separated, and the toluenic phase is dehydrated on anhydrous 
Na2S0 4 for 1 hour, then the solid is filtrated. 

Before proceeding, a HPLC check and a KF check are carried out. In the toluenic 
solution 154 g (0.40 mol) of 1-0-methyl-3,5-di O-toluoyl-2-deoxy-L-ribofuranoside 
are found through HPLC analysis. 
Yield = 89%. 

13 C^NMR (CDCI 3 , 300 MHz): 6 ppm 105.69 and 105.14 (C-1a and C-10); 81.99 
and 81.04 (04a and CMB); 75.50 and 74.70 (C-3a and C-3B); 65.22 and 64.39 
(C-5a and C-5B); 55.15 (2 OCH 3 ); 39.37 and 39.34 (C-2a and C-2B). 
EXAMPLE 5 

Synthesis of 1 -Q-methyl-3.5-di-0-p-chloro-benzoyl-2-deoxy-L-ribofuranoside 
[Compound of formula (I) in which R is 4-chloro-benzoyl] 

The 1-0-methyl-3,5-di-0-p-chloro-benzoyl-2-deoxy-L-ribofuranoside is prepared 
with the same procedure as described above in Example 4 for the synthesis of 1- 
0-methyl-3,5-0-toluoyl-2-deoxy-L-ribofuranoside, using the same quantities of 
toluene and triethylamine and dripping into the reaction mixture 165 ml (1.3 mol) of 
p-chloro-benzoyl chloride. 

In the final toluenic solution 166 g (0.39 mol) of 1-0-methyl-3,5-di-0-p-chloro- 
benzoyl-2-deoxy-L-ribofuranoside are measured by HPLC. Yield = 86.6%. 
13 C-NMR (CDCI3, 300 MHz): 6 ppm 105.11 and 104.25 (C-1a and C-13); 82.12 
and 81.23 (C-4a and C-4B); 76.55 and 75.51 (C-3a and C-3p); 66.01 and 65.12 
(C-5a and C-5B); 39.66 (C-2). 
EXAMPLE 6 

Synthesis of 1-chloro-3.5-di-0-toluovl-2-deoxv-L-ribofuranoside [Compound of 
formula (I) in which R is 4-methyl-benzoyl] 

To the toluenic solution of 1-0-meihyi-3,5-d]-0-toluoyi-2-deoxy-L-ribofuranoside, 
prepared as described above in Example 4, 77 ml (1 .08 mol) of acetyl chloride are 
added. 

The solution is cooled down to 5°C and hydrochloric acid is bubbled into the 
solution, controlling the bubbling so as to maintain the inner temperature below 
15°C. After the addition the solution is left under stirring at 5°C, after about 30 
minutes the product precipitates as white solid. After 1 hour a TLC check is 
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performed in order to evaluate absence of the spot corresponding to the starting 
product. 

With a positive analytical check the operation is proceeded forward, otherwise the 
suspension is left under stirring for a further hour. The apparatus is put under 
vacuum for 2 hours to remove gaseous hydrochloric acid in excess, then the solid 
is filtrated and washed with 100 ml of toluene and with 50 ml of hexane. The solid 
is exsiccated under vacuum at 35-40°C until constant weight. 140 g (0.36 moles) 
of 1-chloro-3,5-di-0-toluoyl-2-deoxy-L-ribofuranoside are obtained. Yield = 90%. 
1 H-NMR (CDCI 3) 300 MHz): 6 ppm 8-7.89 (4H, dd, aromatic); 7.28-7.22 (4H, dd, 
aromatic); 6.48 (1H, d, H-1); 5.57 (1H, ddd, H-3); 4.87 (1H, ddd, H-4); 4.64 (2H, 
AB system, CH 2 -5); 2.81 (2H, m, CH 2 -2). 

13 C-NMR (CDCI3, 300 MHz): 5 ppm 166.63 and 166.39 (2 C=0); 144.51-126.91 (C 
aromatic); 95.56 (C-1); 84.93 (C-4); 73.77 (C-3); 63.72 (C-5); 44.75 (C-2); 21.95 
and 21 .91 (2 CH 3 ). 
EXAMPLE 7 

Synthesis of l-chloro-3.5-dl-0-D-chloro-benzovl-deoxv-L-ribofuranoside 
[Compound of formula (I) in which R is 4-chloro-benzoyl] 

1-chloro-3,5-di-0-p-chloro-benzoyl-2-deoxy-L-ribofuranoside is prepared with the 
same procedure as that described above in Example 6 for the preparation of 1- 
chloro-3,5-di-0-toluoyl-2-deoxy-L-ribofuranoside. 

151 g (0.35 mol) of 1-chloro-3,5-di-0-p-CI-benzoyl-2-deoxy-L-ribofuranoside are 
obtained. Yield = 89.7%. 

1 H-NMR (CDCI3, 300 MHz): 6 ppm 8.05-7.40 (8H, m, aromatic); 6.48 (1H, d, H-1); 
5.54 (1H, m, H-3); 4.84 (1 H, m, H-4); 4.64 (2H, m, CHz-5); 2.82 (2H, m, CH 2 -2). 
13 C-NMR (CDCI3, 300 MHz): 5 ppm 165.62 and 165.389 (2C=0); 140.61-128-23 
(C aromatic); 95.57 (C-1); 54.94 (C-4); 74.35 (C-3); 64.25 (C-5); 44.86 (C-2). 



